The Effects of Parathyroid Hormone on Condylar Bone Growth of the Rat by Pennino, Bernard Joseph
Loyola University Chicago
Loyola eCommons
Master's Theses Theses and Dissertations
1968
The Effects of Parathyroid Hormone on Condylar
Bone Growth of the Rat
Bernard Joseph Pennino
Loyola University Chicago
This Thesis is brought to you for free and open access by the Theses and Dissertations at Loyola eCommons. It has been accepted for inclusion in
Master's Theses by an authorized administrator of Loyola eCommons. For more information, please contact ecommons@luc.edu.
This work is licensed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 License.
Copyright © 1968 Bernard Joseph Pennino
Recommended Citation
Pennino, Bernard Joseph, "The Effects of Parathyroid Hormone on Condylar Bone Growth of the Rat" (1968). Master's Theses. Paper
2249.
http://ecommons.luc.edu/luc_theses/2249
THE EFFECTS OF PARATHYROID HORMONE 
ON CONDYLAR BONE GROWTH OF TilE RAT 
BY 
BERNARD J. PENNINO 
A Thesis Submitted to the Faculty of the Graduate School of 
Loyola University in Partial Fulfillment of the 
Requirements for the Degree of 
Master of Science 
LlBk.AK.'i 
LOYOLA UNIVEH.SITY MEDICAL OEN'"t'JJZ: 
JUNE 
1968 
/ 
LIFE 
Bernard Joseph Pennino was born in Chicago, Illinois 
on October 30, 1934. He was graduated from St. Gregory High 
School in June, 1952. 
He attended Loyola University from 1952 to 1954. He 
entered Loyola University School of Dentistry, Chicago, Illinois 
in September of 1954. He graduated with the Degree of Doctor 
of Dental Surgery in June, 1958. 
Following graduation from dental school, he attended 
graduate school at Northwestern University until January, 1960, 
after which he entered into the general practice of Dentistry 
until June of 1966. 
In June, 1966, he began a two-year graduate program at 
Loyola University School of Dentistry leading to a Master of 
Science Degree in Oral Biology. 
ii 
/ 
ACKNOWLEDGEMENTS 
My sincere appreciation is extended to all those who have 
aided in making this investigation possible, particularly to the 
following: 
To Dr. Louis J. Blanchet, my thesis advisor, for his 
patience, interest, and guidance in this investigation. 
To Dr. Douglas Bowman and Dr. Patrick Toto, who gave 
so willingly of their time to help me. 
To my classmate, Dr. Michael McCormack for his 
assistance in this study. 
To my wife Rose, for her help in typing this thesis and 
her many years of encouragement, patience, and understanding. 
iii 
TABLE OF CONTENTS 
/ 
; CHAPTER PAGE 
' 
, 1. REVIEW OF THE LITERATURE AND STATEMENT 
OF THE PROBLEi\1: 
A. Historical Review. · -o ••• o •••••••• o •• .- •• o.. •• • 1 
B. Mode of Action of Parathyroid Hormone. o •••••• · 3 
C. Effects of Parathyroid Hormone on Bone ••••••.. · 9 
D. Statement of the Problem. . . . . . • • • • • • . . • • . . . • • 12 
II. MATERIALS AND METHODS: 
A. ExperimentalAnimals....................... 14 
B. Experimental Injection Period. . . . • • . • . . • . • • . . . 14 
C. Post Mortum Preparation of Study Specimen..... 15 
D. Method of Measurement ......••.• o • • • • • • • • • • • • 16 
E. Microscopic Sections.......................... 19 
III. RESULTS: 
A. Mandibular Measurements. . . • • • . • • • • • • . . • • . . . 22 
B. Histological Findings...... . • • . • • • • • • • . • . • • • • . 30 
C. 'Vt.'eightChanges .............................. 35 
IV. DISCUSSION AND CONCLUSIONS . • . . • • • • • • • • . • • . • . . 36 
V. SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
BIBLIOGRAPHY . . . • • • • • . . . • • . • . . . . • . . • . • . • . • . . . . . . 43 
APPENDIX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
iv 
LIST OF TABLES 
TABLE / PAGE 
I. Mandibular Measurements 
Experimental Group I. o • o • o o • o o o o o o o •• o • 23 
II. Mandibular Measurements 
Control Group I. o o • o • o o o o • o o o o o o o o o o o • • 24 
III. Mandibular :Measurements 
Experimental Group II •• o • o ••••• o • o. o • o • 25 
VI. Mandibular Measurements 
Control Group II •• o •••••• o ••• o o ••••• o • o • 26 
V. Mandibular Measurements 
Experimental Group III. • o •• o ••• o ••• o • o • • 27 
VI. Mandibular Measurements 
Control Group III. o • o ••••••• o. o... • • • • • • • 28 
VII. Means, Standard Deviations, "t" Values, and 
Significance of Linear Growth Effects •• o o o 29 
VIII. Group I-Body Weights (Grams) 
At End of Week I ••• o •• o o • o o • o ••• o •• o •• o • 4 8 
IX. Group II -Body Weights (Grams) 
At End of Week I o •• o • o o o o o • o o • o •• o • o • o o • 49 
X. Group II-Body Weights (Grams) 
At EndofWeekiio••···················· 50 
XI. Group III -Body Weights (Grams) 
At End of Week I •..••••••••••••••• o • • • • • 51 
XII. Group III-Body Weights (Grams) 
At End of Week II. • • . . • • • . . • • • • • • • • • • • • • • 52 
v 
/ 
LIST OF FIGURES 
FIGURE PAGE 
lo Gaertner Micrometer Microscope •••••••••• o • 18 
2o Points of Mandibular Measurements ••••••• o... 20 
3o Microphotograph, 40X, of Alveolar Bone 
of Control Animal •• o •••• o o •• o • o • • • • • • • • 31 
4o Microphotograph, lOOX, of Alveolar Bone 
of Experimental Animal . o •••••• o ••••••• 32 
5o Microphotograph, lOOX, of Condyle 
of Control Animal o o •••••••• o o • o o o o • o • • • 33 
6o Microphotograph, lOOX, of Condyle 
of Experimental Animal •.•••• o • o • o ••••• 34 
vi 
CHAPTER I 
REVIEW OF THE LITERATURE 
AND STATEMENT OF THE PROBLEM 
A. Historical Review: 
/ 
For many years the parathyroid glands were considered as 
mere anatomical curiosities, having no functional significance, in 
spite of the fact that Sandstrom in 18Sl (31) was able to differentiate 
them from accessory thyroid glands in man, dogs, and cats. It was 
not until some ten years later, in 1891, that Gley (18) first recognized 
their biological importance. It had been noted earlier that the 
removal of the thyroid gland in dogs and cats usually led to tetany 
and death. Gley (18) observed that the effects of total thyroidectomy 
in dogs, which were far more severe than in the rabbit, could be 
duplicated in the latter if the tiny parathyroid glands also were 
removed. 
Kohn, in 1895 (25) was able to demonstrate the existence of an 
. 
inferior pair of parathyroid glands, and established the fact that they 
were distinct, and independent structures unrelated to the thyroid 
gland. In 1896, Vassale and Generali (38) clearly demonstrated the 
differences between thyroidectomy and parathyroidectomy. They 
observed that thyroidectomy usually led to the development of 
1 
2 
:cretinism, whereas parathyroidectomy in young animals was rapidly 
/ 
· followed by the onset of tetany, convulsions, and death. There was no 
question now that the work of Gley (18), Kohn (25), and Vas sale and 
l . 
Generali (38) clearly established for all time that the parathyroid 
glands were independent of the thyroid gland morphologically and 
functionally. Yet, in 1898, Ver Eecke (39) reported what he referred 
to as a conspicuous decrease in the urinary excretion of phosphorus 
following thyroidectomy and attributed it to the loss of thyroid 
function rather than the concurrent accidental removal of the 
parathyroid glands. 
It was not untill909, that the metabolic importance of the 
parathyroid glands was recognized by MacCallum and Voegtlin (26) 
who observed that tetany following parathyroidectomy was 
associated with low serum levels of calcium. They were able to 
alleviate this condition by the administration of calcium salts. As a 
result of their findings, they postulated the role of endocrine function 
to the parathyroid glands. In 1911, Greenwald (19) was able to show 
that diminished urinary phosphorus excretion was not due to loss of 
thyroid function following their removal, but to the simultaneous 
removal of the parathyroid glands. · In later studies, Greenwald (19) 
found that the amount of phosphorus in the urine of fed dogs during 
3 
the first 24 hours following parathyroidectomy might be reduced to as 
/ 
low as 2 percent of the preoperative level. Furthermore, he 
observed that the very marked retention of serum phosphorus that he 
saw in earlier studies during the first few days after parathyroidectomy, 
was followed after the appearance of tetany by an increased urinary 
excretion of phosphorus. From his experimental results, Greenwald 
reasoned that the failure of parathyroid function m'Jst occur 
immediately upon removal of the glands. 
In 1925, Collip (10) obtained a biologically active parathyroid 
extract which he prepared from bovine sources. He then 
administered this extract to dogs who had undergone parathyroidectomy 
and were in various states of tetany, and found their tetany could be 
prevented and controlled. He further observed that this extract 
caused the serum calcium levels of these dogs to return to their 
normal preoperative levels. Collip was also able to demonstrate 
that this same extract, when injected into normal dogs, resulted in 
a marked elevation in the serum calcium (11). 
B. Mode of Action of Parathyroid Hormone: 
Albright and Ellsworth (2) advanced the idea in 1929 that 
changes in calcium metabolism which include those in bone, are 
dependent upon preceding changes in phosphorus metabolism. 
. Subsequent to the aqministration of parathyroid extract to patients, 
they observed an almost immediate increase in the uriri'ary 
excretion of phosphorus, and suggested that alterations in blood 
equilibria resulted in this increased phosphaturia. As a result of 
these observations, they were led to the belief that parathyroid 
hormone acts by lowering the renal threshold for the excretion of 
phosphorus. Working with nephrectomized rats, Ingalls, 
Donaldson, and Albright (21) were able to demonstrate that the 
hormone also produced certain bone changes which they felt were 
the result of a direct action. 
Most of the early theories of the function of the parathyroid 
gland and its relation to calcium and phosphorus metabolism arose 
from the work of Albright and Ellsworth (2). Albright and 
Reifenstein (3) noted that if one removed the parathyroid glands in a 
normal individual, or if one stops parathyroid extract therapy in a 
hypoparathyroid patient, four cardinal metabolic phenomena occurred: 
first, there is an almost immediate decrease in the excretion of 
phosphorus in the urine; second, the serum phosphorus level rises; 
third, almost simultaneously, the serum calcium level falls; and 
finally, there is a diminished excretion of calcium in the urine. 
The administration of parathyroid extract in the normal individual 
4 
produces the same metabolic signs but in the other direction, that 
is, hyperphosphaturia, hypophosphatemia, hypercalcemVcl, and 
finally hypercalcuria. 
The primary concern of parathyroid hormone is the regulation 
of calcium and phosphorus metabolism. The means by which 
parathyroid hormone is able to maintain normal serum calcium levels 
is not yet certain. At one time there was considerable argument 
over the question whether parathyroid hormone exerted its action 
mainly through the kidney or by a direct effect on bone. It now 
appears that the hormone works on both. The original theory that 
parathyroid hormone works directly on the kidney was begun by 
Albright and Ellsworth in 1929 (2). After the administration of 
parathyroid extract to a patient they noted an immediate increase 
in phosphorus excretion and then a hypophosphatemia, hypercalcemia, 
and hypercalcuria. From this chain of events, they advanced the 
view that changes in the bone are dependent upon preceding changes 
that take place in the phosphorus metabolism. Ellsworth (15) in 1932 
suggested the theory that parathyroid hormone affects primarily 
phosphorus metabolism and that parathyroid hormone lowers the 
renal threshold for phosphorus. Albright, Bauer, Claflin and 
Cockrill in 1932 (1) concluded from their investigation that serum 
calcium with parathyroid hormone would .rise only if there was a 
/ 
normal saturation. Therefore, serum calcium is not always the 
"measuring stick" to the degree of hyperparathyroidism but rather 
serum phosphorus is. Harrison and Harrison (20) in 1941 working 
6 
on dogs, were able to show that parathyroid hormone causes a 
decreased reabsorption in the kidney tubules. Neufeld and Collip (30) 
in 1942 found no change in the serum calcium of nephrectomized 
animals given parathyroid extracts. They tended to believe the view 
that parathyroid hormone works directly on the kidney producing 
phosphorus diuresis. Tipperman, L 'Heureaux and Wilhelmi (35) 
in 1947 developed a test for parathyroid hormone which depends 
upon lowering of the serum phosphorus level in rats. 
To sum up the Albright school of thought regarding the mode 
of action of parathyroid hormone, they believe that (1) the hormone 
lowers the renal threshold for the urinary excretion of phosphorus 
thereby increasing the phosphorus output. (2) Due to the extra 
urinary excretion of phosphorus, there occurs a fall in the serum 
inorganic phosphorus. (3) In order to maintain a constant 
solubility product of calcium and phosphorus in the blood, the serum 
calcium must increase and this requires the mobilization of calcium 
7 
from the skeleton. 
/ 
The other school of thought in regard to the action of 
parathyroid hormone believes that the hormone acts directly on bone 
tissue to cause its dissolution. 
In 1932, Selye (32) proposed the theory that parathyroid 
hormone directly stimulates the formation of osteoclasts, whereby 
calcium is released into the blood stream. Also, in 1932, Thomson 
and Collip (36) stated that the hormone acts directly on bone tissue 
to cause its dissolution, and that the resulting electrolyte changes 
are secondary to bone changes. In 1933, Jaffe (22) suggested that in 
hyperparathyroidism, the mineral salts of the bone are dissolved at 
the surface of contact between the tissue fluid and the bone surface. 
Ellsworth and Futcher in 1935 (16), in nephrectomized dogs, were 
able to demonstrate a rise in serum calcium following parathyroid 
hormone administration. 
Collip, Pugsley, Selye and Thomson in 1934 (12) and 
McJunkin, Tweedy, and McNamara in 1937 (27) were able to produce 
bone changes in nephrectomized animals with parathyroid hormone. 
Selye in 1942 (33) found there was bone resorption with administration 
of parathyroid extract in nephrectomized animals and concluded the 
8 
hormone works directly on bone. 
/ 
Ingalls, Donaldson and Albright (21) in 1943 found there was 
bone resorption with administration of parathyroid extract in 
nephrectomized animals. This led Albright to somewhat reverse his 
thinking. 
Barnicot in 1948 (5) performed his classical experiment of 
grafting small pieces of parietal bone and parathyroid gland of the 
same mice into the cerebral hemispheres of litter mates. He found 
after 10 to 14 days very active bone resorption accompanied by 
osteoclasts was occuring on the surface of the bone graft opposite 
the parathyroid gland. He concluded that the hormone is capable of 
stimulating osteoclastic resorption by a direct action. He repeated 
the experiment using other tissues and found no local resorption of 
bone. 
Chang in 1951 (9) repeated a modification of Barnicot's 
work and found resorption of bone surrounding the parathyroid graft 
but no resorption in the controls. 
Munson in 1955 (29) differed from the Albright and Ellsworth 
theory that the parathyroid glands regulate the blood calcium 
indirectly by their effect on phosphate reabsorption by the kidney. In 
his experiments with parathyroidectomized rats, he was unable to 
9 
·produce the same results as those of Albright and Ellsworth, that is, 
/ 
the elevation of serum phosphorus and the fall in serum calcium. He 
found just the opposite. His first observation was a decrease in the 
serum phosphorus, and thus put forth the possibility that there may 
be two separate parathyroid hormones. One for calcium mobilization 
and the other for phosphaturic activity. 
Copp in 1964 (13) cited evidence for two parathyroid hormones 
for the regulation of blood calcium. He called the calcium elevating 
factor "Parathormone" and the hypocalcemic hormone "calcitonin". 
C. Effects of Parathyroid Hormone on Bone: 
Hyperparathyroidism has been associated with bone disease 
for many years. The theory being that with an increase of parathyroid 
hormone, there is an increase in calcium salts withdrawn from the 
bone which in turn elevates the serum calcium level. 
In 1930 Bodansky, Blair and Jaffe (7) and Jaffe and Bodansky (23) 
were tlie first to produce experimental osteitis fibrosa in guinea pigs 
and dogs by injecting large doses of parathyroid hormone. They 
observed extensive resorption of both cortical and spongy bone and 
fibrous transformation of bone marrow. 
Johnson in 1932 (24), working with growing white rats found 
10 
. 
that parathormone injection to growing and adult cats had no effect 
/ 
on the bone. Daily injections of parathormone in growing rats 
resulted in an increase number of trabeculae or osteosclerosis and a 
diminution in the length of bone. 
Selye in 1930 (32), explained the apparent contradictory results 
of Bauer et al (6), by showing in his experiment that if parathyroid 
hormone is administered in very small doses, it will stimulate 
osteoblast formation and lead to bone apposition directly without 
first producing a stage of osteitis fibrosa. He suggested that the 
stimulating effect of the hormone on the formation of osteoblasts 
might be responsible for the so-called "parathyroid hormone 
immunity". 
Burrows in 1937 (8) distinguished three phases in the effect 
of parathyroid hormone on bone. The first phase is characterized 
by the resorption of bone. In the second phase, osteoblasts reappear 
and excessive bone deposition occurs. In the third phase, there is a 
tendency of the bone to return to a normal stateo He regarded the 
sequences of changes as due to the development of an antib.ody-like 
substance in the blood which acts as a check on decalcification and 
.in its place introduces hype,rcalcification. 
McLean and Bloom (28) in 1937 showed by injecting extremely 
large doses of parathyroid hormone, that osteitis fibrosa appears to 
/ be a reaction to the death or injury of the cellular elements of bone. 
Weinmann and Schour in 1945 (40) found not three, but only 
two phases of bone change after injecting small doses of parathyroid 
hormone in rats. There was first osteoclasis followed shortly by 
osteoblastic activity. They could not find a return of the bone to 
normal. 
11 
Gaillard in 1961 (17) reported that in working with organ cultures 
and parathyroid extract, he observed several phenomena relative to 
bone changes: 
(1) The disappearance of all typical osteoblasts, 
(2) The formation of multinuclear osteoclasts, and 
(3) The dissolution of bone matrix by the osteoclasts. 
The role of the osteoclast is still not completely understood 
although there is evidence to support the suggestion that it is 
capable of actively resorbing bone. Whether it initiates resorption 
or phagocytoses remnants after bone resorption has been induced by 
other agents has still not been clarified. 
IX>ty, Yates, Lotz, Kisecleski and Talmage in 1965 (14) 
tried to suppress osteoclastic activity through radiation to determine 
whether parathyroid hormone acted through osteoclasts in its 
control ofcalcium homeostasis. There was no definite conclusions 
/ 
reached after this experiment. 
D. Statement of the Problem: 
It appears that there is still much controversy over the 
cytological changes induced in bone following either repeated small 
doses, or single massive doses of parathyroid hormone. It is of 
12 
interest to note, during an extensive review of the literature, that all 
of the observations were made on such bone structures as the 
alveolar bone of the mandible in the incisor and molar regions of 
rats, guinea pigs and mice, and the femurs of mice, rats, cats and dogs. 
In some instances, observations reported in clinical studies on 
human subjects involved the mandible proper, long bones, and 
mandibular alveolar bone. Strikingly absent from these numerous 
studies are any observations of the condylar portion of the mandible. 
The condyle, like the epiphyseal portion of long bone, 
represents a growth center of the mandible, and like the epiphysis, 
does contain hyalin cartilage. It is well known, however, that this 
cartilage, or at least some portion of it, remains throughout the life 
of the animal and does not entirely disappear with maturity and 
., . 
cessation of growth (34). 
In the light of these facts, it occurred to this investigator, 
that this area might well represent a very sensitive, and highly 
/ 
labile portion of the mandible. If this hypothesis is true, then it 
might be possible to induce cytologic and morphologic changes 
13 
through repeated injectio-ns of parathyroid hormone, and :1ence shed 
some additional informs.tion relative to the affects of this hormone 
on bone cells. 
CHAPTER II 
MATERIALS AND METHODS 
A. Experimental Animals: 
/ 
This study is based on material obtained from 60 male albino 
rats of the Sprague Dawley strain. These test animals were chosen 
because of their hardy nature and the wealth of experimental data 
already available on them. The rats were young and weaning, whose 
initial weights ranged from sixty to eighty grams. They were 
maintained on a diet consisting of Purina Chow pellets, supplemented 
with meat scraps once a week and water ad libitum. 
The animals were divided into three groups. Each of the 
three groups were initially composed of 10 experimental and 10 
control animals. The animals were all marked from I to 10 by a 
series of ear punctures using a rubber dam punch. 
B. Experimental Injection Period: 
Each of the experimental a~1imals received 0. 5 cc. (50 USP units) 
of parathyroid extract (Lilly) intraperitoneally per injection period. 
Prior to the administration of the extra~t, all animals, experimentals 
a~1d their controls, were weighed. They w~~re also weighed just prior 
14 
to sacrificing. 
/ Arbitrarily, fifteen days were chosen as the experimental 
period in which all experimental animals were to be administered 
the extract. On the first day of the experimental period all 
experimental animals and their controls \Vere weighed, after which 
15 
each experimental animal received 50 USP units of parathyrotd extract. 
This procedure was again repeated on the third day, and on day six, 
all animals were again weighed, the experimentals and their controls 
of Group I sacrificed, while the experimentals of Groups II and III 
were again administered 50 USP units of the extract. This procedure 
was followed, with all experimental animals being weighed and 
injected every third day, and on the fifteenth d:ty, all remaining 
animals, Groups II and III were sacrificed. 
It should be pointed out here that Group I experimental 
animals received a total of 100 USP units of parathyroid extract, while 
Groups II and III received :t total of 250 units respectively. 
C. Post Mortum Preparation of Study Specimen: 
Sacrificing consisted of placing the animals in a saturated 
atmosphere of diethyl ether until all visible signs disappeared 
(muscle twitching and respiration), after which they w.:;re immediately 
16 
iecapitated. The heads were placed in a solution of neutral 10% 
formalin for a period of seven to ten days to allow for srtitable fixation. 
At the end of the fixation period, random specimens were 
chosen for histological evaluation. The remaining specimens were 
removed from their containers, rinsed with distilled water several 
times, then placed in a solution of 20% potassium hydroxide for three 
days in order to facilitate removal of all soft tissue. On the third 
day following standing in the strong alkaline solution, the heads were 
removed and subjected to much rinsing under tap water, after which 
the mandibles were carefully disarticulated from the skulls, freed 
of any residual soft tissue, rinsed again, and stored in an open tray 
for air drying. 
Due to the action of the potassium hydroxide solution, the 
mandibles separated at their symphysis, which greatly facilitated 
subsequent measurements on these structures. Arbitrarily, the left 
side of the mandible was selected for all measurements. 
D. Method of Measurement: 
A method for obtaining mandibular measurements which has 
been described by Barber, Green and Cox (4) was originally 
considered. Their method consisted of employing an overhead 
17 
projection of a silhouetted mandible, using an eyeplece with a grid 
/ 
reticle, tracing these projections onto cardboard, and then 
measuring certain areas with a polar plainimeter. However, this 
techniq~e is n::>t without ms.ny areas of error, not only from 
projection, but in tracing and plainimeter measurements. 
In order to insure greater accuracy, and less distortion, the 
Gaertner micrometer m!.croseope (Figure 1) wi.th an accuracy of . 001 
of a millimeter, was used throughout this stud yo The tech::.1iq'Je, while 
relatively simple, consisted of utilizing a plain white 3" x 5" index card, 
which contained a very thin black horizontal line drawn across its 
entire length (wld:h of line about 0.1 millimeter). This line .served 
as the reference line against which all measureme.1ts were made. The 
mandibles being measured were placed along the reference line i.n such 
a man.:1er that any two points being measured were placed on this 
line, and th·~ measurements me,de between the two ;x>ints where they 
bisected this line. 
The following four areas of the mandible were studied (Figure 2): 
I. Height of the Condyle: 
From the point on the most sup~rior aspect of the 
condyle (A) to the p::>int of the m::>st inferior border 
18 
/ 
FIGURE 1 
GAERTNER MICR0:\1ETER MICROSCOPE 
of the ramus (B). 
II. Length of the Condyle: / 
From the point on the most posterior part of the 
condyle (C) to the point on the most anterior aspect 
of the sigmoid notch (D). 
II. Height of the Mandibular Body at the Ramus: 
19 
From the point on the most inferior part of the 
ascending ramus (E) to a point of the deepest concavity 
on the inferior border of the mandible (F). 
IV. Height of the Anterior Mandibular Body: 
From the point on the deepest concavity anterior to 
the alveolar process (G) to a point on the mental 
tubercle on the inferior border of the mandible (H). 
E. Microscopic Sections: 
Portions of the mandibles from experimental and control 
animals of all groups, consisting of the condyles and molar 
alveolar areas were prepared for histological examination. 
Since it has already been reported in the literature that molar 
alveolar areas are well known for their sensitivity to parathyroid 
hormone ( 40), this area was chosen in order to be assured that 
20 
/ 
FIGURE 2 
POINTS OF MAND:BULA R ME ASUREivt3NTS 
21 
some hormonal activity was manifest during the experimental period. 
/ 
The specimens were subjected to demineralization and 
subsequent paraffin embedding. Followrng their sectioning, they 
Were stained with hematoxylin and eosin. 
~------------------------------------------------------------~ 
CHAPTER III 
RESULTS 
A. Mandibular Measurements: 
/ 
The results and comparisons of mandibular measurements are 
listed in Tables I through VII. Group I measurements, which were the 
measurements of the experimental group after 100 units of parathormone 
with their corresponding control group showed little or no differences. 
Groups II and III whose experimental animals each received a total of 
250 units of parathorrnone revealed conflicting measurements. The 
mandibles from the experimental animals in Group II had almost 
: identical measurements as its control group. However, the measuremen1 
of Group III control mandibles were significantly higher than its 
corresponding experimental. mandibles. 
The apparent contradictory data might be better explained if the 
size of the animals at sacrifice were taken into consideration. Group II 
experimental animals were considerably larger at the time of sacrifice 
than were its controls and yet the average mandibular measureiT_lents 
were approximately the same. Group III experimental and control 
animals were approximately the same weight at the time of sacrifice 
but the mandibular measurements of the control group were 
considerably higher. 
. 22 
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Rat 
Number 
1 
2 
3 
5 
6 
7 
8 
9 
Mean 
Standard 
Deviation 
23 
TABLE I 
/ 
MANDIBULAR MEASUREMENTS 
EXPERIMENTAL GROUP I 
Measurements in Millimeters 
I* II* III* IV* 
9.18 5.60 3.46 5. 91 
9.19 6.33 3.60 5.62 
9.19 5.80 3. 91 5.20 
9.08 5.94 3.42 5.45 
9.16 5.63 3.34 5.48 
8.35 5.04 3.24 5.52 
8.84 5.33 3.34 5.67 
9.28 5.63 3.37 5.69 
9.03 5.66 3.46 5.57 
:!0.285 ±:0.362 ±0.196 ±0.194 
*I Height of Condyle 
*II Length of Condyle 
*III Height of Mandibular Body at Ramus 
*IV Height of Anterior Mandibular Body I 
I 
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TABLE II 
MANDIBULAR MEASUREMENTS 
CONTROL GROUP I 
Measurements in M2.1limeters 
Rat 
Number I* II* III* IV* 
1 8.47 5.40 3.42 5. 31 
2 9.13 5.74 3.35 5.11 
3 8. 79 5.90 3.71 5.78 
4 8.93 5.78 3.53 5.62 
5 8.54 5.46 3.29 5. 73 
6 9.17 5.30 3.38 5.65 
7 8. 70 5.54 3.41 5.68 
8 8.74 5.48 3.49 5. 21 
9 8.56 5.92 ·3.48 5.37 
10 9.60 6.18 3.58 6.15 
Mean 8.86 5.67 3.46 5.56 
Standard 
Deviation ±0.333 ±0. 264 ±0.116 ±0.296 
*I Height of Condyle 
*II Length of Condyle 
*III Height of Mandibular Body at Ram'; s 
*IV Height of Anterior Mandibular Body 
Rat 
Number 
11 
12 
13 
14 
15 
16 
17 
18 
Mean 
Standard 
Deviation 
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TABLE UI / 
MANDIBULAR MEASUREMENTS 
EXPERIMENTAL GROUP Jl 
Measurements in Millimeters 
I* II* III* IV* 
10.07 6.28 4.05 5.86 
9.53 5.48 3.94 5.87 
9.70 5.58 3.82 5.94 
9.82 5. 81 4.05 5.83 
9.10 5.49 3.94 5.97 
9.88 6.26 4. 41 6.10 
9.53 5.14 3.67 5.94 
9.43 5.50 3.92 5.94 
9.63 5.69 3.98 5.93 
±0.282 ±0. 375 ±0. 201 ±0.079 
*I Height of Condyle 
*II Length of Condyle 
*III Height of Mandibular Body at Ramus 
*IV Height of Anterior Mandibular Body 
Rat 
Number 
11 
12 
13 
14 
15 
16 
17 
18 
Mean 
Standard 
Deviation 
TABLE IV 
MANDIBULAR MEASUREMENTS 
CONTROL. GROUP II 
Measurements in Millimeters 
I* II* III* 
9. 51 5.64 3. 87 
9.47 6.63 4.18 
9.83 6.14 4.02 
9.52 6.18 3.88 
9.46 5.56 3.48 
9.65 5.67 3.82 
9. 41 5.39 3. 91 
9.50 5. 41 3.86 
9.54 5.83 3.88 
IV* 
5.78 
5.64 
6.37 
6.03 
5. 87 
5.97 
5.01 
6.02 
5.93 
±0.126 ±0. 413 ±0.185 ±o. 371 
*I Height of Condyle 
*II Length of Condyle 
*III Height of Mandibular Body at Ramus 
· *IV Height of Anterior ·Mandibular Body 
26 
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TABLE V 
MANDIBULAR MEASUREMENTS 
EXPERIMENTAL GROUP III 
Measurements in Millimeters 
Rat 
Number I* II* III* IV* 
21 9.09 5.92 3.56 5.82 
23 9.05 5.40 3.47 5.56 
24 8. 61 5.56 3.37 5.73 
25 9.14 5.06 3.05 5. 81 
27 9.12 5.54 3.37 5.49 
28 9.08 5.27 3.38 5.80 
29 8.58 5.01 3. 81 5.75 
30 10.21 5.93 3.80 5.90 
Mean 9.11 5.46 3.48 5.73 
---
Standard 
Deviatio:1 ± 0. 467 ±0.326 ±0.235 ±0.130 
-----
*I Height of Condyle 
*II Length of Condyle 
*III Height of Mc.ndibular Body at Ramus 
*IV Height of Anterior Mandibular Body 
Rat 
Number 
22 
23 
24 
25 
27 
28 
Mean 
Standard 
Deviation 
TABLE VI 
MANDIBULAR MEASUREMENTS. 
CONTROL GROUP III 
Measurements in Millimeters 
I* II* III* 
10.30 5.98 3 .. 78 
9.85 5.35 3.64 
9.29 5.38 3.66 
10.30 6.01 3.63 
9.70 5.71 4.01 
9.83 5. 91 3.92 
9.88 5.72 3.77 
+o.384 .±0. 271 ±0.148 
*I Height of Condyle 
*II Length of Condyle 
28 
/ 
IV* 
·6.20 
5. 77 
5.62 
5. 70 
5. 81 
5.60 
5. 78 
±0.20 
*III Height of Mandibular Body at Ramus 
*IV Height of Anterior Mc..ndibular Body 
---
29 
TABLE VII 
/ 
MEANS, STANDARD DEVIATIONS, "t" VALUES 
AND SIGNIFICANCE OF LINEAR GROWTH EFFECTS 
Measurements in MLllimeters 
Group 
Number I* t p** II* t p** 
9.03 5.66 
E-1 :to. 285 1.08 N. S. ±0. 362 0.064 N. S. 
-8-:-86 s.sr-
C-1 ±0. 333 ±0. 264 
9.63 5.69 
E-2 ±0. 282 0.776 N. S. .±0.375 0.669 N.S. 9.54 5.83 
C-2 ± 0.126 ±o. 413 
9.11 5.46 
E-3 ± 0. 467 2.996 0.005 .:to. 326 1.5 0.10 9.88- s:-12 
C-3 ±0. 384 ±o. 271 >0.05 
Group 
Number III* t p** IV* t p** 
3. 46- 5.57 
E-1 ±0.196 0.0 N. S. ±0.194 0.077 N.S. 
---· 3. 46- 5.56 
C-1 ±0.116 ±o. 296 
3.98 5.93 
E-2 ±o. 201 0.099 N. S. ±0.079 0.0 N. S. 3.88 5:93 
C-2 ±0.185 ±o. 371 
3.48 5.73 
E-3 ±0.235 1. 51 0.10 ±0.130 0.5 )0. 20 3.77 5:78 
C-3 ±0.148 >0.05 :to. 200 
-----· 
*I Height of Condyle 
*II Length of Condyle 
*III Height of Mandibular Body at Ramus 
*IV Height of Anterior Mandibular Body 
**p Any value of p equals 0. 05 or less is 
considered sigaificant 
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B. Histological Findings: 
Sections were cut through both the condyles and ~lveolar bone of 
both control and experimental mandibles (Figures 3 through 6). 
Sections through the condyle revealed similar findings in both groups. 
Since these were young animals, the marrow spaces were large with 
thin trabeculae. The hyalin cartilage zone was large. It was in this 
area between the hyalin cartilage and bone that slight increased 
osteoblastic activity was noticed in the condyles of parathyroid 
injected animals. However, this was not significant enough to warrant 
any definite conclusions. 
Sections through the alveolar bone of Group III were examined 
to determine if there was any difference between the effect of · 
parathyroid hormone on the condyle and the rest of the mandibular bone .. 
Histological examination revealed that the alveolar bone of 
parathyroid hormone injected animals showed larger marrow spaces, 
larger periodontal spaces, and also showed evidence of resorption and 
repair. 
The histological sections revealed no evidence of increased or 
decreased osteoid activity in the condyles. However, differences in 
cytologic activity in the alveolar areas could be observed as shown 
in Figure 4. 
FIGURE 3 
MICROPHOTOGRAPH, 40X 0? ALVEOLAR 
BONE OF CONTROL ANIMAL H & E STAIN 
SHOWING NOR~1}•,L Mi\ RROW 
AND PERIODONTAL SPACES 
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/ 
FIGURE 4 
MICROPHOTOGRAPH, lOOX , OF ALVEOLAR 
. BONE OF EXPERIMENTAL ANIMAL H f~ E STAIN 
SHOWING ENLARGED MARROW 
AND PERIODONTAL SPACES 
32 
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FIGURE 5 
MICROPHOTOGRAPH, lOOX, OF CONDYLE 
OF CONTROL ANIMAL H & E STAIN 
SHOWING LACK OF OSTEOCLASTIC ACTIVITY 
33 
/ 
FIGURE 6 
MICROPHOTOGRAPH, lOOX, OF CONDYLE 
OF EXPERIMENTAL AN1MAL H ,Sl_ E STAIN 
SHOWING LACK 0? OSTEOCLASTIC ACTIVITY 
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C •. Weight Changes: 
/ 
The results of the weight measurements are found in Tables 
VIII through XII. 
Iri Group I, the mean weight of the experimental animals was 
higher than that of the control group at the start of the study. On the 
third day, the mean weights were almost even. At the time of 
sacrifice on the sixth day, the mean weights of the control animals was 
higher than the mean weights of the experimental group. 
In Group II, the experimental and control animals' mean weights 
were almost even at the start of the experiment. They remained 
relatively constant at the third day, but again by the sixth day, the 
mean weight of the control group was higher than the mean weight of 
the corresponding experimental group. At the ninth day, the mean 
weight of the experimental group exceeded that of the control group and 
the experimental animals continued to gain weight faster than the 
control group until the experiment was terminated. 
In Group III, the mean weight of the control group was higher 
than that of the experimental group at the beginning of the experiment. 
The control group gained weight at a faster rate than the experimental 
group until the twelfth day at which time the experimental animals 
gained weight at a greater rate than the control group. 
CHAPTERIV / 
DISCUSSIONS AND CONCLUSIONS 
A summary of the data collected during this study in Tables 
I through VII, clearly indicates that the dose levels of the parathyroid 
extract administered showed little or no positive effects on linear 
growth of the experimental rats until the last group. The data from 
measurements on Group E-3 and its controls show a significant 
decrease in heights of the condyles of the experimental animals 
(p equals . 005) and heights of the mandibular body at the ramus 
(p equals 0. 05) with no significant changes measured in the heights of 
the anterior aspect of the body of the mandible (p equals 0. 20). These 
data are not consistent with the beliefs that the rat rapidly becomes 
refractory to bovine parathyroid hormone, otherwise such 
significant differences would not have been observable at this time. 
Paradoxically, while certain linear dimensions of the mandible 
statistically reflect some hormonal effects grossly, the condylar 
microscopic picture remained negative throughout all groups. 
According to Sieber (34), the condylar cellular structure 
36 
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remains almost unchanged throughout life as compared to other 
/ 
analagous structures in long bone. Some investigators have been 
able to demonstrate severe bone changes in some instances 
following parathyroid hormone administration (40). It is felt however, 
that in many of these studies the massive doses given over a very 
short time period accounted for these changes. On the other hand, 
the fact that the rat very rapidly becomes refractory to parathyroid 
hormone (8) has been used as a basis for explaining the negative 
results obtained in other studies. 
The present study, to some degree reflects this 
refractoriness. However, it was demonstrated that in spite of the 
relatively long experimental period (fifteen days) some honey changes 
were evidenced in the molar alveolar areas. According to Selye (32) 
and Burrows (8), and Weinmann and Schour (40), it is quite 
possible that the rat does develop rat-antibovine gamma globulins 
against bovine parathyroid hormone. However, that these gamma 
globulins. (antibodies) can affect that rats' own hormone and cause 
a state of hypoparathyroidism is open to question. None of the 
" microscopic sections (Figures 3, 4, 5, 6) demonstrated honey changes 
which could be interpreted as hypoparathyroidism in any of the 
/ 
experimental animals. 
38 
The findings in this study definitely confirm the observations 
of Weinmann and Schour (40), in that the dental structures shown in 
the microscopic sections of the experimental rats were unaffected. 
However, the adjacent alveolar honey structures did show change. 
The widening of the periodontal space, and enlarging of the marrow 
spaces are certainly indicative of parathyroid hormonal activity. The 
fact that the condylar areas seemed devoid of any of the cellular 
activities seen in the molar alveolar bone of the same mandible, 
cannot be simply explained. 
The primary purpose of this study was to determine whether or 
not the mandibular condyles could be affected at a cellular level 
similar to other analagous structures such as the epiphysis of long 
bones. Whether or not cellular changes in the condyle did occur 
rapidly~ and repaired just as rapidly during this study' was not 
evident in the microscopic sections in any of the experimental groups. 
It might be interesting to speculate at this point that the condyle, 
unlike any other bone growth center, may well have what might be 
39 
. termed as a built-in safety device. This device might we,ll include the 
/ 
whole of the tempromandibular joint, and may not be subject to many 
of the blood borne biochemical substances as are other such structures. 
One might view this mechanism as a "blood-tempromandibular barrier", 
through which the parathyroid hormone is not so easily diffusible, if 
at ·an. Whatever the mechanism of condylar cellular proliferation and 
maturation leading to mandibular development, it must certainly be 
unlike analagous structures in spite of the popular assumption that they 
are all the same. Furthermore, while this area may be viewed as a 
stressbearing area, the very structure of the over-all tempro-
mandibular joint, periodontal-muscle-propioceptive servomechanism, 
makes it atypical from other analagous structures. 
During the whole experimental period, prior to injections and 
sacrifice, all animals were weighed. It was of interest to note that 
during this time many of the experimental animals weighed less than 
their corresponding controls. It might be suggested that the 
administration of parathyroid hormone to young rats did have some 
effect on the total growth of the animal, a point not really borne out by 
microscopic studies in this investigation. It could also be concluded 
that the repeated injections to the experimental animals had some 
40 
effect on their over-all temperament as evidenced by th(}i.r viciousness 
during the latter half of this· study. A fact observed, heretofore 
unreported in the literature, was that those animals subjected to 
repeated injections all appeared to have developed diarrhea, a symptom 
tot~lly unobserved in the controls of all three groups. A further point 
is that the diarrhea could very well have been the result of these 
repeated intraperitoneal injections, resulting in an excess loss of water 
by way of the large bowel. This might account for the weight 
differences observed until near the end of the experimental period. At 
the terminal portion of the experiment, the experimental animals 
appeared quite docile, the diarrhea was noticeably absent, and weight 
gains surpassed those of the control groups. It mi.ght be suggested that 
this phenomenon is open to further investigation, since an earlier study 
did indicate that parathyroid hormone had some effect on fecal 
excretion of radioactive p32 and Ca 45 (37). 
The weight changes occuring among the experimental group, 
exceeding those of their controls, might well reflect that point in time 
where those animals had indeed developed an immunity against the 
bovine extract administered. 
CHAPTER V 
SUMMARY 
/ 
Sixty white albino rats of the Sprague Dawley strain were 
divided into three groups of ten experimentals and ten controls per 
group. The experimental animals were administered 50 USP Jnits 
of parathyroid extract (Lilly) intraperitoneally over a period varying 
from seven to fifteen days. At varying times, during the experimental 
period, groups were weighed and sacrificed. The mandibles were 
removed, measured, and examined microscopically revealing the 
following information: 
1. In the gross specimen of mandibles, significant effects 
were not observed during the early portions of the 
investigational time period. Evidence of the decreases in 
linear growth changes were observed in the last 
experimental group. 
2. Microscopic sections of the condyles of the experimental 
animals as well as their controls were negative in all groups 
3. Microscopic changes were observed in the molar 
Al 
42 
alveolar areas of the last group indicating t;hat the 
parathyroid hormone did exert some effects on the rat 
mandibles. 
4. Weights of the experimental animals were less than 
those of the controls until the fifteenth day when the 
weights of the experimental group exceeded those of 
their controls. 
/ 
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TABLE VIII 
' 
GROUP I -BODY WEIGHTS (GRAMS) 
AT END OF WEEK I 
WEIGHTS AT TIME OF . INJECTION AND SACRIFICE 
Mean Weight 
Pair Changes (Grams) 
Number Exp. Con. Exp. Con. Exp. Con. Exp. Con. 
1 73 60 90 85 78 86 5.0 26.0 
2 82 72 118 90 90 98 8.0 26.0 
3 90 78 96 108 108 110 18.0 32.0 
4 72 65 80 96 * 99 8.0 34.0 
5 78 73 92 100 80 108 2.0 35.0 
6 82 71 96 98 85 90 3.0 19.0 
7 72 68 106 94 82 90 10.0 22.0 
8 82 68 86 90 97 90 15.0 22.0 
9 85 65 104 88 93 100 7.0 35.0 
10 * 84 * no * 109 * 25.0 
Mean 79.5 70.4 96.4 95.9 89.1 98.0 9.6 27.6 
+9.1 +o. 5 -8.9 -IS. 0 
* Animal Died 
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TABLE IX 
GROUP II-BODY WEIGHTS (GRAMS) 
AT END OF WEEK I 
WEIGHTS AT TIME OF INJECTION AND SACRIFICE 
Mean Weight 
Pair Changes (Gram~ 
Number Exp. Con. Exp. Con. Exp. Con. Exp. Con. 
11 81 62 108 95 116 104 35.0 42.0 
12 70 65 84 82 92 105 22.0 40.0 
13 62 64 90 95 95 115 33.0 51.0 
14 78 86 102 95 106 110 28.0 24.0 
15 88 72 86 88 118 101 30.0 29.0 
16 90 72 120 105 128 118 38.0 46.0 
17 48 78 64 80 70 101 22.0 23.0 
18 66 71 114 102 90 121 24.0 50.0 
19 * 76 * 109 * 126 * 50.0 
20 * * * * * * * * 
Mean 72. 8 71. 7 96. 0 94. 5 101. 8 111. 2 29.0 39.5 
. + 1.1 +I. 5 -9.4 -10.5 
*Animal Died 
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TABLE X 
.. 
GROUP II -BODY WEIGHTS ( GRAMS) 
AT END OF WEEK 2 
WEIGHTS AT TIME OF INJECTION AND SACRIFICE 
Mean Weight 
Pair Changes(Grams) 
Number Exp. Con. Exp. Con. Exp. Con. Exp. Con. 
11 138 117 143 116 169 126 31 9 
12 105 120 130 111 162 130 57 10 
13 125 131 126 119 150 136 25 5 
14 95 121 95 118 148 139 53 18 
15 156 107 163 97 200 150 44 43 
16 163 126 182 120 206 138 43 12 
17 135 108 130 111 125 120 -10 12 
18 106 134 108 130 130 140 24 6 
19 * 141 * 140 * 112 * -29 
·20 * * * * * * * * 
Mean 127.9 122.8 134.6 118 161.3 132.3 33.4 9.6 
·~ + 5.1 +16.6 +29.0 +23. 8 
*Animal Died 
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TABLE XI 
GROUP III-BODY WEIGHTS (GRAMS) 
AT END OF WEEK I 
WEIGHTS AT TIME OF INJECTION AND SACRIFICE 
Mean Weight 
Pair Changes (Grams) 
Number Exp. Con. Exp. Con. Exp. Con. Exp. Con. 
21 70 68 86 105 74 111 4.0 43.0 
22 80 86 102 108 98 128 18.0 42.0 
23 70 81 82 106 75 110 5.0 29.0 
24 65 95 76 80 70 89 5.0 -6. 0 
25 55 82 72 105 72 110 17 .o 28.0 
26 70 80 94 98 85 99 15.0 19.0 
27 70 85 90 124 88 114 18.0 29.0 
28 73 87 82 115 81 120 8.0 33.0 
29 72 80 94 102 85 105 13.0 25.0 
30 78 87 104 Ill 103 121 25.0 34."0 
Mean 70.3 83.1 88.2 105.4 83.1 no. 7 12. 8 28. 8 
-12.8 -17.2 -27 0 6 -16.0 
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TABLE XII 
GROUP III -BODY WEIGHTS (GRAMS) 
AT END OF WEEK 2 
WEIGHTS AT TIME OF INJECTION AND SACRIFICE 
Mean Weight 
Pair Changes (Grams) 
Number Exp. Con. Exp. Con. Exp. Con. Exp. Con. 
21 74 122 80 120 98 131 24 9 
22 110 126 120 125 149 134 39 8 
23 89 122 82 101 102 118 24 -4 
24 75 89 80 85 94 83 19 -6 
25 78 116 73 113 93 117 15 1 
26 99 109 101 104 149 114 50 5 
27 93 145 105 136 124 152 31 7 
28 91 129 68 130 77 130 -14 1 
29 85 121 90 70 120 126 -35 5 
30 115 132 120 112 159 132 44 0 
Mean 89.8 121.1 91.9 109.6 116.5 123.7 19.5 2.6 
--
6 . -31.3 -17.7 -7.2 +16.9 
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